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Table 1
Group mean demographics, walking speed and clinical scores.
Variable asymptomatic symptomatic P-value
N (M/F) 7/20 28/9
Age (years) 55.2 (8.6) 58.8 (8.3) 0.10
BMI (kg/m2) 26.2 (4.4) 30.8 (4.6) <0.0001
Self-selected speed (m/sec) 1.37 (0.19) 1.26 (0.2) 0.02
WOMAC Total 0.93 (2.5) 33.3 (18.3) <0.0001
WOMAC Pain 0.19 (0.6) 7.2 (15.8) <0.0001
WOMAC Stiffness 0.37 (0.9) 3.7 (1.6) <0.0001
WOMAC Function 0.37 (1.3) 22.4 (13.0) <0.0001
SF-36 Total 76.7 (4.9) 70.2 (15.8) 0.04
SF-36 Physical Health 79.8 (5.8) 59.7 (19.2) <0.0001
SF-36 Mental Health 66.2 (4.1) 79.2 (13.1) <0.0001
KL Grade Distribution (2/3) 23/4 10/27
Abstracts / Osteoarthritis and Cartilage 21 (2013) S9–S62S50Purpose: To investigate the differences in knee joint mechanics during
gait between asymptomatic individuals and symptomatic individuals
diagnosed with moderate knee OA, all with Kellgren-Lawrence (KL)
osteoarthritis (OA) radiographic grade 2 or 3.
Methods: Individuals withmoderate medial compartment knee OA and
asymptomatic adults underwent gait testing. Three-dimensional joint
angles and net external knee joint moments of the affected (OA) or
randomized (asymptomatic) knee were calculated from a synchronized
motion capture and force platform system during self-selected speed
gait. KL grades of standard anterior-posterior knee radiographs were
scored by an orthopaedic surgeon (WDS). Principal component analysis
(PCA) extracted major patterns of variability from the angle and
moment waveforms individually (i.e. 6 PCA analyses). Participant
waveforms were projected onto each principal component to calculate
a set of PC scores. Asymptomatic and symptomatic PC scores were
compared using an ANOVA.
Results: Twenty-seven asymptomatic individuals and 37 symptomatic
individuals diagnosed with moderate OA had a KL score of 2 or 3. There
were no signiﬁcant group differences in age, or in any features of the
frontal and transverse plane knee angles. The asymptomatic group
walked with a signiﬁcantly faster self-selected walking speed, had
smaller BMI, and lower WOMAC and higher SF-36 total and physical
function scores (Table 1). The only signiﬁcant kinematic difference
between the groups was in the overall magnitude of the knee ﬂexion
angle (PC1, p ¼ 0.0006), with the asymptomatic group having higher
ﬂexion angles. The asymptomatic group had lower overall magnitude of
the knee adduction moment (PC1, p <0.0001), and greater difference
between the ﬁrst peak and themid-late stance adductionmoment (PC2,
p ¼ 0.05) than the OA group. The asymptomatic group had earlier peak
extension moments prior to toe-off (PC3, p <0.0001), as well as more
constant internal rotation moment (PC1, p <0.0001) and earlier peak
rotation moments (PC3, p ¼ 0.01) during stance (Figure 2).
Conclusions: It was interesting that twenty-seven of 28 asymptomatic
individuals tested had radiographic evidence (KL 2,3) of OA in their
knee joints. Compared to the gait patterns of those diagnosed with
moderate OA with the same radiographic scores, the asymptomatic
group walked faster with higher overall knee ﬂexion angles, earlier
peak extension moments, lower and less constant knee adduction
moment loading and more constant knee rotation moment loading
during gait. The lower overall adduction moment would suggest that
high adduction moments may be a symptomatic feature of OA and not
an early mechanism of OA development. The sagittal and frontal plane
pattern differences have been previously associated with higher
walking speeds and may be a reﬂection of a less symptomatic joint. The
altered rotation moment pattern difference is not speed or function
related according to previous study and may support hypotheses that
altered rotational joint mechanics is a factor in early knee OA devel-
opment, prior to the onset of symptoms.
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Purpose: Investigators have hypothesized that reducing bone marrow
lesion (BML) size (BML regression) may be an important therapeutic
goal for modifying osteoarthritis (OA) progression. However, it is
unclear if BML regression is associated with less joint degeneration. We
aimed to evaluate if decreased BML volume was associated with less
joint degeneration (joint space narrowing [JSN] and articular cartilage
loss).
Methods:We evaluated two samples, the Osteoarthritis Initiative (OAI)
and a clinical trial of vitamin D among patients with knee OA. The OAI
sample comprised 404 individuals with magnetic resonance images
(MRI) at the 24- and 48-month visits. The right knee was assessed
unless contraindicated. Two raters used a semi-automated segmenta-
tion method to determine BML volume on sagittal fat-suppressed
MRI(ICC¼ 0.59 - 0.93). BML volumewas the sum of the BML volumes in
the index tibiofemoral (TF) compartment (medial compartment unless
the lateral compartment had greater JSN). BML volume change was
classiﬁed into quartiles. We chose the middle two quartiles of BML
volume change as the reference group. At the 24- and 48-month visits
weight-bearing ﬁxed-ﬂexion knee radiographs were acquired and
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used logistic regression models to evaluate if the presence of JSN or
worsening of JSN (JSN progression), as dichotomous outcomes, were
associated with BML volumewhile controlling for sex, body mass index,
and age. We also used classiﬁcation and regression trees (CART) to
assess whether baseline BML volume or BML volume change was more
inﬂuential in predicting JSN progression. To conﬁrm the primary results
we used data from the clinical trial (n ¼ 103) and performed logistic
regression models to examine the association between manually
measured BML size change (classiﬁed as BML regression, no change, or
BML progression) and the outcome of cartilage thickness derived from
manual cartilage segmentation (stratiﬁed into tertiles).
Results: Among 362 knees with BML and JSN data, 240 (66%) had JSN at
baseline including 25 knees with severe JSN (grade 3) that were
excluded from analyses of JSN progression. Larger baseline BML volume
was associated with the presence of baseline JSN (odds ratio [OR] ¼ 1.5;
95% conﬁdence interval [CI]¼ 1.2 - 1.8) and JSN progression in the same
TF compartment (OR ¼ 1.3; 95% CI ¼ 1.1 - 1.5). There was a trend that
BML regression and BML progression may be associated with greater
odds of JSN progression relative to knees with no or minimal changes in
BML volume (Table). Sensitivity analyses, excluding knees with more
severe lateral JSN, revealed that BML regression in the medial TF
compartment was associated with greater odds of medial JSN
progression (Table). In CART analyses baseline BML volume was the
variable best able to discriminate between those who did and did not
have JSN progression. Finally, conﬁrmatory analyses demonstrated that
knees with BML regression (OR ¼ 2.7; 95% CI ¼ 1.0 - 7.1) or BML
progression (OR ¼ 2.0; 95% CI ¼ 0.9 - 4.6) had greater odds of cartilage
thickness loss.
Conclusions: Baseline BML size is an important assessment in knee OA
but a reduction of BML size, as measured on traditional MRI, may not be
associated with reduced odds of structural changes.Table. Association between Joint Space Narrowing (JSN) Progression and Bone Marrow Lesion (BML) Volume Change
Rank for Change in BML Volume Median (Min, Max) cm3 JSN Progression Odds Ratio* (95% CI) Overallp-value
No Yes
Medial or Lateral JSN Progression
BML Regression (n ¼ 84) -0.97 (-12.59, -0.46) 63 (75%) 21 (25%) 1.85 (0.96 to 3.60)
No to Minimal BML Change (n ¼ 169) (middle two quartiles
collapsed)
-0.05 (-0.46, 0.23) 143 (85%) 26 (15%) Reference 0.08
BML Progression (n ¼ 84) 0.69 (0.24, 10.02) 63 (75%) 21 (25%) 1.79 (0.92 to 3.48)
Medial JSN Progression
Medial TF BML Regression (n ¼ 72) -0.97 (-9.68, -0.46) 53 (74%) 19 (26%) 3.36 (1.55 to 7.28)
No to Minimal Medial TF BML Change (n ¼ 146) (middle two
quartiles collapsed)
-0.08 (-0.46, 0.18) 130 (89%) 16 (11%) Reference 0.01
Medial TF BML Progression (n ¼ 72) 0.65 (0.23, 4.76) 58 (81%) 14 (19%) 1.93 (0.86 to 4.31)
* Models were adjusted for sex, body mass index, and age. TF ¼ tibiofemoral.82
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Med., Boston, MA, USAPurpose: To provide reference values onMRI for meniscal body position
in knees of asymptomatic persons without radiographic knee osteoar-
thritis (OA) or major risk factors for OA. Further, to gain new insights on
potential change inmeniscal body position over a 4-year period in these
knees.
Methods: Both knees of 118 subjects of the ”non-exposed“ OAI sub-
cohort (KL1; mean [SD] age: 55 [7.5] yrs) were measured on the
longitudinal (baseline [BL], 2- and 4-yr) mid-coronal intermediate-
weighted TS-echo MRIs, using a 2D quantitative measurement tech-
nique (Fig.1). All BL images were studied for medial or lateral meniscaltear or destruction on sagittal and coronal MRIs using the
same sequences. Meniscal extrusion and overlap distance were related
to ipsilateral tibia plateau width to provide data normalized for knee
size.
Figure 1. Measures on coronal 3T intermediate weighted knee MRI (eFilm 3.4
software).
Meniscal body extrusion ratio was calculated as [meniscus body
extrusion]/[ipsilateral tibia plateau width] and coverage as the
proportion (%) of the width of the ipsilateral tibial plateau covered by
meniscus: ([meniscus body width]-[meniscus body extrusion])/[ipsi-
lateral tibia plateau width]. We also stratiﬁed data by meniscal tear
(have been reported to be associated with more meniscal extrusion). To
evaluate potential differences between unpaired groups we used a 2-
level linear mixed regression model with a patient as a random effect to
control for correlation of measures made in the same patient with
adjustment for age and sex. Potential changes in meniscal body extru-
sion, overlap distance or coverage over the 4-yr period were analyzed
using a linear 3-level mixed effects regression model to account for
correlation between measures in the same person and knee. We
considered a two-tailed p-value of 0.05 as signiﬁcant.Results: The mean (SD) meniscal body extrusion at BL was medially
1.64 (0.92) mm and laterally 0.63 (0.73) mm. The normalized mean
(SD) extrusion ratio was 0.057 (0.032) and 0.020 (0.024), respectively.
While absolute values did not differ between men and women, the
normalized ratio showed medially a tendency for more extrusion in
women (0.060 (0.029) vs. 0.051 (0.036); p¼0.059). We found knees
with medial meniscal tear to have a tendency to more medial body
extrusion than knees with intact medial menisci (mean [SD] 2.0 [0.87]
mm vs. 1.62 [0.92] mm; p¼0.10). The mean (SD) overlap distance was
medially 10.14 (3.53) mm and laterally 9.76 (2.42) mm, which corre-
spond to 34.4% (11.9) and 31.0% (7.7) coverage of the ipsilateral tibia
plateau width, respectively (Table 1). Meniscal coverage did not differ
signiﬁcantly between sexes. During the 4-yr follow up, there was
a trend for an annually increase in medial meniscal extrusion of 0.040
mm (95% CI: 0.019-0.062). The corresponding results laterally did not
show any statistically signiﬁcant trends. No essential change during
the 4-yr interval was detected in medial or lateral overlap distance and
coverage.
Conclusion: Medial and lateral meniscus body positions are in a rela-
tively narrow range in knee-healthy middle-aged persons. A slight
increase of extrusion values over time was noted for the medial body.
The ﬁndings will aid the development of cut-offs for pathological
meniscus position in both research and clinical use.
